(sediment properties), stress state and fault properties, and will generate different tsunami 29 3 by affecting both magnitude and water depth of the associated seafloor deformation. 30 Sediment properties within the trench input section and forearc may also affect the 31 morphology and deformation of the accretionary prism (e.g., 9, 6), in turn linked to the 32 dynamic earthquake process (10). On some subduction margins (e.g., Nankai (11), 33
Barbados (12)), a well-defined décollement (a low-angle detachment fault) into which 34 accretionary prism faults sole, is identified as the plate boundary thrust. However, beneath 35 the Sumatra forearc, the exact mechanism of rupture propagation and transfer of fault slip 36 to the seafloor is poorly understood. 37
38
We collected 2500km of multichannel seismic reflection (MCS) profiles along the Sumatra 39 margin from northwest of Simeulue Island to Nias Island ( Fig. 1; 13) . section. We focus here on this reflector, which we believe represents the seaward extension 45 of the plate boundary décollement, and thus is a key control on plate boundary and prism 46 deformation along the Sumatran subduction zone. 47
48
The reflector is identified in MCS profiles perpendicular (Fig. 2) and parallel (Fig. 3) to the 49 trench axis, typically ~0.5km above the top of the oceanic basement, within the ~4km/s 50 high velocity layer (13), and has consistent character in all profiles. Its amplitude is higher 51 than other sediment horizons more than 0.25km beneath the seabed, and is generally 52 4 stronger than the top oceanic basement reflector. The reflector's waveform is similar to the 53 seabed and the seabed multiple (inset Fig. 2 ), and shows a clear negative polarity. The 54 reflector may represent either a discrete layer, thinner than the seismic wavelength 55 (<<100m) or a single interface between two units with contrasting seismic velocity and 56 density. Mean reflection coefficients of at least -0.1 for the reflector versus 0.32 for the 57 seabed (Table S1 ) indicate a major impedance decrease. We clearly image the reflector in 58 the trench to the seaward end of our profiles from 2°N to 4°N (Fig. 1 ), up to ~35km from 59 the deformation front. The reflector is less clearly imaged beneath the outer prism ~0.5km 60 above the top of oceanic basement ( Fig. 2 ), up to ~20km landward from the deformation 61 front; the reflector has reduced amplitude and lateral continuity, possibly due to seismic 62 imaging compromised by steep bathymetry and overlying prism fault structure, but retains 63 negative polarity where observed. 64
65
The accretionary prism consists of fault-bounded blocks of relatively weakly deformed 66 sediment. The vertical thickness of these blocks suggests that almost the entire incoming 67 sediment section, to within ~500m of the top of the incoming plate, is accreted. We do not 68 image the precise contact between the reflector and major outer-prism thrust faults, but 69 these faults extend with ~45° dip from the seabed to at least 2km below the seafloor close 70 to the reflector (Fig. 2) , and we expect them to intersect the HA-NP reflector (inset Fig. 2) . 71
72
Offshore of Simeulue, the trench seabed deepens by ~0.1km over ~50km towards the 73 southeast, while the oceanic basement shallows by 1.75km (Fig. 3) 
7
We infer that the horizon offshore N. Sumatra is a zone of low density and elevated pore 121 pressure relative to overlying sediments. Such a layer, intrinsically weaker than 122 surrounding sediments, would therefore be the likely locus for initiating the décollement 123 fault, an interpretation consistent with the thickness of the frontally accreted sediment 124 package. We infer that the landward extension of this horizon ultimately influences prism 125 geometry and megathrust rupture. In N. Sumatra, the reflector has distinct properties up to 126 35km seaward of the deformation front, with a weaker negative polarity extension beneath 127 the prism, rather than a strong negative reflector beneath the prism, and a weaker, variable 128 polarity reflector seaward of the deformation front as observed on other margins. The 129 reflector properties seaward of the deformation front imply a lithological origin on the N. 130 Sumatra margin, rather than arising solely from structural or hydrogeological processes 131 within the prism. Three changes could explain contrasting observed reflector properties 132 southeast of the rupture boundary (Fig. 4) 
